We present a case of fetal-neonatal acute myocarditis caused by coxsackievirus B3 infection in a term neonate. The condition manifested as high-grade atrioventricular (A-V) block prenatally. After delivery, various arrhythmias such as high-grade A-V block, ventricular tachycardia, and junctional ectopic tachycardia appeared, and we had difficulty managing these arrhythmias. This is the first report describing a case of acute myocarditis due to coxsackievirus infection presenting with fetal A-V block. This case is also unique in that it is extremely rare that various arrhythmias occur serially in one patient without left ventricular dysfunction.
CASE REPORT
The patient was a newborn female delivered at 38 weeks' gestation to a 30-year-old mother (gravid 1, para 1). The pregnancy course of the mother was uneventful. However, the infant had a 2-year-old sibling, who had had a rash and fever 8 days prior to the delivery. Her mother went to the hospital because she was worried about a decrease in fetal movement on the date of delivery. Fetal echocardiography showed high-grade atrioventricular (A-V) block, with a heart rate of 60 beats per minute.
Urgent cesarean section was performed, because of the nonreassuring fetal status. The newborn was relatively vigorous, weighing 3164 g. Her Apgar score was 6 at 1 minute and 8 at 5 minutes. However, her heart rate was almost the same after delivery as before delivery. Mild subcutaneous edema and massive liver enlargement were noted on physical examination, but she had no fever. Her heart was significantly enlarged on chest radiograph (cardiothorax ratio 64%). Echocardiography showed no structural abnormalities. The ejection fraction of the left Departments of 1 Maternal-Fetal and Neonatal Medicine and ventricle was 65%; however, signs of right ventricular dysfunction, including right atrial dilatation, right ventricular dilatation, diminished contraction of the right ventricle, and a prolapsed tricuspid valve with moderate regurgitation, were present. Mild pericardial effusion and mild pleural effusion were also seen. Electrocardiography revealed high-grade A-V block and premature ventricular contraction (Fig. 1) . Initial laboratory values demonstrated a white blood cell count of 11,510 cells/ mm 3 , hemoglobin 11.5 g/dL, platelet count 241,000 cells/mm 3 , aspartate transaminase 92 IU/L, alanine transaminase 90 IU/L, lactate dehydrogenase 1340 IU/ L, brain natriuretic peptide (BNP) 8870 pg/mL, and troponin T 2 ng/mL. C-reactive protein was negative, and autoantibodies, including anti-Sjögren's syndrome A (SSA) antibody, were not detected.
After isoproterenol (0.1 mg/kg/min) was administered intravenously, her heart rate increased to 90 beats per minute. On day 3, her heart rate suddenly returned to within the normal range, and the high-grade A-V block disappeared thereafter. Echocardiography showed obvious improvements in right ventricular function and prolapse of the tricuspid valve. BNP and troponin T levels were also dramatically decreased, to 409 and 0.39 ng/mL, respectively (Fig. 2) . We suspected acute myocarditis and measured viral antibodies. Immunoglobulin (1.0 g/kg/d) was administered for 2 days. On day 4, ventricular tachycardia was seen, which lasted for more than 1 minute; therefore, lidocaine hydrochloride (0.01 mg/kg/min) was given instead of isoproterenol. Thereafter, the infant became stable. Her heart rate was in the range of 100 to 110 beats per minute, with first-degree A-V block.
On day 12, treatment with lidocaine hydrochloride was stopped. On the same day, junctional ectopic tachycardia (JET) occurred unexpectedly (Fig. 3 ).
Although propranolol (0.5 to 1.5 mg/kg/d) and adenosine 5 0 -triphosphate disodium (0.1 to 0.3 mg/kg/d) were added to the treatment, they were not effective. However, continuous amiodarone (5 to 7.5 mg/kg/d) infusion had a positive effect on JET. The paired serum concentration of coxsackievirus B3 rose more than fourfold from birth to day 21 (day 0: 4 Â , day 21: 32 Â ). We diagnosed acute myocarditis caused by coxsackievirus B3 infection. The patient was discharged on day 39. Although the infant continues taking oral amiodarone (5 mg/kg/d), she has developed normally. Her chest radiograph showed normal findings and her cardiac function was normal, without side effects or arrhythmias, at the 18th month.
DISCUSSION
Viral myocarditis in a neonate is a rare disease associated with various clinical findings. Neonatal myocarditis can be fatal in early infancy, as it tends to be more severe than that in childhood or adulthood. By using paired serum samples, we were able to identify that the causative virus of the myocarditis described in this case report was coxsackievirus B3. Although the immunoglobulin we administered could have affected the viral titer of her serum, we examined viral titers of the immunoglobulin we used and confirmed that coxsackievirus B3 was not elevated immediately after its administration. Bryant et al reported 10 cases of neonatal coxsackievirus B infection. 1 According to the report, 1 all infants had meningoencephalitis, four with myocarditis, two of whom died.
The most characteristic aspect of this case was that various arrhythmias were seen without obvious left ventricular dysfunction. Notably, there were three interesting points. First, myocarditis was discovered as a result of fetal A-V block. To our knowledge, this is the first report describing that coxsackievirus B-induced myocarditis manifested as fetal A-V block (Table 1) . Fetal hydrops was previously considered the only finding observed in cases of unequivocal fetal infection. 2 Although an old report described a case of fetal viral myocarditis discovered in an infant with A-V block, 3 the patient had autoantibodies against single-stranded DNA. Because anti-SSA antibodies are the primary reason for the development of fetal A-V block, the exact reason for the A-V block observed in this old case is unknown. On the other hand, all autoantibodies we assessed were negative in the case described here, and we can therefore conclude that A-V block likely occurred as a consequence of viral myocarditis. We also observed diverse electrocardiogram waveforms indicative of premature contractions and high-grade A-V block. BNP and troponin T levels changed drastically, and right ventricular failure was observed. In addition, a change in the infant's serum coxsackievirus B3 titer was seen. For these reasons, we diagnosed acute viral myocarditis caused by transplacental coxsackievirus B3 infection. Second, JET appeared on day 12, which we were able to control with amiodarone infusion. JET is a tachyarrhythmia that is generated by increased automaticity in an A-V junction. JET usually occurs after heart surgeries such as arterial switch operation, A-V canal repair, and Norwood repair. 4 Otherwise, the occurrence of JET in the prenatal period is limited to the familial form. 5 Usual arrhythmias associated with enterovirusinduced myocarditis include sinus tachycardia, supraventricular tachycardia, arterial flutter, ventricular tachycardia, and complete A-V block (Table 1) . 1, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] JET associated with neonatal viral myocarditis has only been reported twice.
14,16 Although amiodarone is not an established therapy for neonates, we used amiodarone in accordance with a previous report. 16 Treatment was very effective. Despite well-known side effects such as interstitial pneumonia and thyroid dysfunction, it appears from our results that amiodarone can be used safely in the neonatal period when these potential side effects are taken into account. In addition to JET, other arrhythmias such as ventricular tachycardia occurred in the case reported here. Thus, viral acute myocarditis due to enterovirus infection may cause life-threatening arrhythmias and circulatory collapse in neonates, 17 which clinicians should respond to rapidly and adequately.
Third, the various arrhythmias, including A-V block and JET, in the case presented were not accompanied by left ventricular dysfunction. Several previous reports have demonstrated an association between enterovirus myocarditis and left ventricular dysfunction, with resultant dilated cardiomyopathy. 15, 17 Most infants with enterovirus myocarditis were found to have accompanying left ventricular dysfunction and circulatory collapse, and their outcomes were poor. 15, 17 On the contrary, few neonatal case reports have described infants with neonatal enterovirus myocarditis with supraventricular arrhythmias that were not accompanied with serious left ventricular dysfunction. 9, 14 There is only one report describing a case very similar to ours, of an infant with viral myocarditis who had A-V block and JET. 16 Interestingly, the infant in this report also had no accompanying left ventricular dysfunction. However, a causative virus was not identified in this infant. In the case presented here, prominent depressed cardiac function, including prolapse of the tricuspid valve, was evident only in the right ventricle, not the left ventricle, during the period of A-V block. The mechanism of right ventricular dysfunction is unclear, but coxsackievirus may initially have an affinity for the right atrium and ventricle, including the conducting systems. Moreover, in our case, the A-V block and ventricular tachycardia were reversible. Enterovirus myocarditis without left ventricular dysfunction may thus be associated with only mild damage to the myocardium.
In conclusion, coxsackievirus B3-induced myocarditis should be considered when fetal A-V block or neonatal JET is observed. JET may occur in infants with coxsackievirus B3-induced myocarditis without left ventricular dysfunction. Although neonatal JET is resistant to several antiarrhythmic drugs, amiodarone is effective. We can use amiodarone safely in the neonatal period when its potential side effects are taken into account.
